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Abstract:In this work, the authors present researches result for the amortization of free flutters in the process of 
automatically weigh pyrotechnical products in the shape of nubs.The study of free flutters is the beginning stage  
for realization of a machines of weigh and automatic sorting.  There fore the authors present the own solutions 
of  quick  amortization  of  the  oscillations  of  the  arms  of  the  balances  installed  on  the  rotary  platter  of  the 
machine. 
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1. Introduction 
In  the  pyrotechnical  industry  is  achieved  many  products  whereat  the  weight  of  the 
components  elements  contribute  integral  for  obtaining  the  technical  and  dynamic 
parameters  of  performance  [1]. 
Came  in  the  the  support  of  the 
manufacturers of such products, the 
present author of the item, presents 
from theoretical viewpoint and then 
on  an  experimental  model, 
influence  of  free  flutters  of  the 
balances  about  the  accuracy  of 
weigh and for amortization of these 
in  the  sight  of  a  realization 
automatic  high-perfor-mance 
machines. 
 
 
 
 
2. Theoretical notions  
  The free vibrations are the characteristic compliant of the figure 1a and 1b incite the 
which systems executes the translational motions as much as those who executes a rotation 
motion [2] . In case of  rotation motions, the equation of motion is expressed with the relation: 
, 0     f M c K I                 (1) 
Where: I  = The moment of inertia of the mobile system; K = Constant of the bow 2;  
c  = The amortizations coefficient of the damper 3; Mf    = The friction moment from the 
encampment A;  =  The amplitude of the vibrations of mobile system. 
The solution of differential equation (1)  is: 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1. Systems with translational and rotation motions. 
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The equation (2) is valid if  1   where  by       (the  degree  of  damping)  was  noted  the 
proportion: 
IK
c
2
          (4) 
For  1   , the solution of differential equation (1) is  
 . t e o
t o
o        1            (5) 
Which, for   1   acquire the form: 
    . t e o
t o
o        1        (6) 
In this relations,  o  describethe proper pulsation of the system and it’s determinate 
with the relation: 
I
K
o    
In the figure  2, according [1] are represented the possible shapes for the oscillation of 
the  mobile  system, 
compared  with  the 
unamortized  oscilations 
of this (the equation of 
the unamortized motion 
have  the  form: 
t o o    cos   
To the projection 
of  dampers  for  free 
flutters,  it  concerns  to 
determine of such nature 
the  degree  of 
amortization   or the coefficient of amortization, so that the oscillation  o   of mobile system 
to  attenuated  in  a  short  time,  to  its  admissible  value  (  the  amplitude     of  reading  or 
registration). 
Is accustomed in the calculi, to expressed this thing by a  parameter  a  that is caused 
with the relation: 
T n o
o
n
a e  


    ,  a    , for  n     
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. The possible shapes for the oscillation of the mobile system, 
compared with the unamortized oscilations of this.  
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Although the solutions with  1   are  effective  from  viewpoint  of  the    amortization 
capacity  of  oscillations  (practi cally  the  oscillation  of  the  mobile  system  disappear)  in 
machines is used the amortization with   1   .  
For the solution  1   , it will be calculated the T parameters ( the period of amortized 
vibration) and  (the pulsation of amortized vibration) with the relations: 
, 2 1      o           (7) 
2 1
2
 


  o T
T         (8) 
Where the undamped period of oscillations Tois: 
o
o T

 2
     (9) 
The  time  tatill  it  reach  the  amplitude  n  is 
calledamortization  time  and  can  be  obtained  by 
resolving the differential equation  of motion. It can 
be determine approximately  with the relations: 
a a c
I
t  ln
2
 , if   7 0 0 ,         (10) 
The calculation confirmed by practice show 
that if its modified the amortization degree of mobile 
system  oscillations    from  0to  the  amortization 
time ta, at the beginning it will diminish, and after 
the  reach  of  minimum  it  will  propagate.  The 
minimum time of amortization, tm, correspond an optimal degree of amortization  op  which 
it is obtained  for 
2
T
ta   (figure 3). 
Through observance of this condition and following the expressions  (7) and (8), for 
 andT, the relation can be written under the format: 
2 1 op
op
a
e






 or  
 2 2
a
a
op
 


ln
ln

 .        (11) 
The relationship of minimum time of amortization tmin proportion with a   its obtained 
from relation  (3), by replacing the value of   with  op  . 
 
3. The experimental model proposed 
For automatic weighing of a greater number of products or elements in the time unit, the 
author has designed and accomplished an experimental model of a lever balance, shown in 
figure 4.  
The first balance (figure 7) is one of the 24
th mechanisms of weighing set on the rotating 
dish 2 of an automated machine design in this purpose, giving the centre of weight on the 
rotation axis [1]. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. The optimal degree of 
amortization  op    
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On the right part the balance arm was designed with a support 2 (figure 4), which is set  
the weighing products, and on the left part with the equilibration 
piece 12. For amortization of free flutters  that are produced 
when  the  weighing  piece  is  put  on  the  support  2,  we  have 
designed an liquid shock absorber who is composed from glass 
4, dish 5, chain connection 6 and the dipping deep adjustment 
screw 7.  
 Depending on the viscosity of the liquid, on the surface of 
the dish it’s creating intermolecular friction and interaction 
forces  between the dish and the liquid which are opposing the 
movement. Thus, after a while, the free flutters of the arm 8 it’s 
amortized, and it equilibrates. On the left part, the arm was 
provided with a counterweight 12,  
with possibility of adjustments, and a knife 13 for 
conducting the arm 8 onto one of the three guides of 
the machine , depending on the weight of weighing 
product.    
That the dynamic shock produced on the felt of 
the product 1 on the support 2 do not determine the 
knifes to move from its fulcrum, on the support of the 
balance  we  have  installed  the  spring  chair  11.  The 
height of it was adjusted so that the knife 13 can be 
displaced without any friction through the guideway 
III  appropriate  to  light  products,  (figure  5).  The 
guideways  for  automatic  selection  2  were  installed 
according to figure 6 on the central fixed axle 4 of the 
machine. The guideways were conceived to select the 
products in three categories of weight: 
 
 
 
 
 
 
 
 
 
Fig. 5. The guideways for the 
knifes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4. The experimental model of a lever balance 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Sectional guideway.  
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First category – normal products which are situated in the nominal value of  
weight Gnom ± 0,1 %; 
Second category -  more heavier  products than Gnom + 0,1 %; 
Third category – lighter products than Gnom - 0,1 %. 
4. The measurements results 
 
In that the quality of weighing  depends on the minimum time of amortization of free 
flutters and the spinning speed of platter the port balances 2, (figure 7), the author studied 
more types of viscous liquid, compared with water. The measurements results are shown in 
table 1. 
 
The measurements results                                                                                 Table 1 
 
No.  Utilized 
liquid 
The 
conventional 
sliminess at 
372 
0K 
[
o] 
The 
amortization 
time 
 
[s] 
The no. of 
oscillations 
till total 
amortization 
The 
weight of 
weighing 
product 
[g] 
The 
heights of 
fall 
 
[mm] 
1.  water  -  16  7  8,6  6 
2.  HA oil  3,5 – 4,5  3  2  8,6  6 
3.  T90 oil  3,0 – 3,5  3  2  8,6  6 
4.  M20/W40  9,0  5  3  8,6  6 
5.  Silicones 
liquid 
4,5  2  1  8,6  6 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7. Platter the port balances. 
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5.  Conclusions 
After the experimental data processing were related the following conclusions: 
1.  The  liquid  shock  absorbers  are  the  most  simple  and  effective  solution  for  the 
amortization of free flutters  produced in the arm of a balance at the falling of a weight 
from a small height. 
2.  The amortization of free flutters is done so much faster as the liquid is more stickier  and 
is more dens . 
3.  The silicones liquid  is the best liquid for amortizations of free flutters. 
4.  Because the amortization of free flutters can be done in maximum three seconds, result 
that for a platter,  it can be efficiently installed three  charger with products, according 
figure 7. 
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